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Abstract - We present 2-dimensional interleaving 
schemes, with repetition, for correcting 2-dimensional 
bursts (or clusters) of errors, where a cluster of er- 
rors is characterized by its area. Known interleaving 
schemes are based on arrays of integers with the prop- 
erty that every connected component of area t consists 
of distinct integers. Namely, they are based on the 
use of 1-error-correcting codes. We extend this con- 
cept by allowing repetitions within the arrays, hence, 
providing a trade-off between the error-correcting ca- 
pability of the codes and the degree of the interleaving 
schemes. 
Most 2-dimensional burst error-correcting codes that  have 
been studied in the literature so far consider burst errors 
of a given shape, including rectangular and circular shapes 
[1, 4 ,5 ,  61. Here we present 2-dimensional interleaving schemes 
for correcting 2-dimensional bursts (or clusters) of errors, 
where a cluster of errors is characterized by its area. A recent 
application of correction of 2-dimensional clusters appeared 
in the context of holographic storage [7]. In [2] we presented 
interleaving schemes that  are based on arrays of integers with 
the property that  every connected component of area t con- 
sists of distinct integers. These arrays are called t-interleaved 
arrays. Here, we extend the concept of t-interleaved arrays by 
allowing repetitions within the arrays. Namely, a t-interleaved 
array with repetition r is an array of integers with the property 
that  in every connected component of area t ,  every integer is 
repeated at  most r times. 
Definition 1 We say that  a set of t elements in a 2- 
dimensional array is a cluster of size t ,  if any two elements 
in the cluster belong in a path contained in the set. 
Definition 2 Let t 2 1 and r 2 1 be integers. Let A ( t , r )  
be a 2-dimensional array of integers, namely, the elements of 
the array are labeled by integers. We say that A ( t , r )  is t -  
interleawedwith repetition T if every cluster of size t in A(t. T )  
consists of integers that  repeat a t  most T times. The degree of 
interleavingof the array is the number of distinct integers it 
contains. 
For example, the following is an A(5,2) array with degree of 
interleaving 5 .  In fact, this is the optimal degree: 
A ( 5 , 2 )  = 
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t 1 Lower bound 
10 15 
11 18 
12 21 
Upper bound 
19 
22 
27 
Table 1: Lower and upper  bounds on the degree of inter- 
leaving of A(t ) 2) .  
Notice that, if the integers represent different codes (like in 
the one-dimensional case), then r-error-correcting codes dis- 
tributed in a t-interleaved array with repetition r can correct 
any cluster of size up to t. In the above example, we need only 
five 2-error correcting codes to  correct any cluster of size 5. 
Our goal is to  construct A(t, r) arrays with minimal degree. 
In [ 2 ]  we presented optimal degree constructions of A ( t , I )  
arrays for arbitrary t .  Here we focus on the case r = 2 and 
present lower bounds and construct,ions. Table I summarizes, 
for specific numbers, the lower bounds and the upper bounds 
on the degree of interleaving of A(t,2). For more details we 
refer the reader to [3]. 
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